Changes in coloring properties of saffron after γ-irradiation at doses of 2.5 and 5 KGy (necessary for microbial decontamination) were investigated. Carotene glycosides that impart color to the spice were isolated by solvent extraction and then subjected to high-performance liquid chromatography (HPLC). Fractionation of the above pigments into aglycon and glycosides was achieved by using ethyl acetate and n-butanol, respectively. Analysis of these fractions by HPLC revealed a decrease in glycosides and an increase in aglycon content in irradiated samples. The possibility of degradation of pigments during gamma irradiation is discussed.
INTRODUCTION
Saffron (Crocus sativus L.) is the most expensive spice widely used for its aroma and coloring properties. It has been used as a sedative and analgesic in traditional medicinal preparations (Rios et al., 1996; Sampathu et al., 1984) and has recently been shown to have distinct anticancer activities (Rios et al., 1996; Nair et al., 1991) .The coloring property of the spice is attributed mainly to its water-soluble carotenoids, the crocins, which are glycosyl esters of 8, 8'-diapocarotene 8, 8'-dioic acid (crocetin) (Sampathu etal., 1984) .
Various analytical separation techniques such as thin-layer chromatography, high -performance liquid chromatography (HPLC), and gas chromatography and spectrometric methods such as nuclear magnetic resonance (NMR), mass spectrometry, and infrared spectroscopy, have been used to isolate and characterize these carotenoids. So far, six carotene glycosides have been reported to be present in saffron (Pfander and Rychener, 1982) . Like other spices, saffron is prone to microbial contamination due to improper handling, storage and transportation. Although fumigation using chemicals such as ethylene oxide is the currently practiced method for decontamination of spices, the process is banned in several countries of the world because of possible toxic residues and potential health hazards for workers in fumigation plants. Exposure to ionizing radiation, such as γ-rays offers an effective alternative to fumigation, as it is a safe, physical process that leaves no detectable toxic residues (Diehl, 1995) . A dose of 5-10 KGy is recommended for decontamination of spices without adversely affecting their flavor quality (Nickerson et al., 1966) .
MATERIALS AND METHODS
Commercial samples of saffron were obtained from Nuclear Research Laboratory, Tehran, Iran. Samples were divided into two equal lots. One lot was kept as the non-irradiated control sample, and the other lot was subjected to γ-irradiation at 25 o C to an overall average dose of 2.5 and 5 KGy at a rate of 18 Gy/min using. Samples were analyzed for changes in volatile oil constituents within one to two days of storage after irradiation.
Isolation and Analysis of Coloring Pigment
Isolation Aliquots of 5g each of control and irradiated saffron (whole stigmata) were extracted three times with 80 % aqueous methanol (3×15) at room temperature .The filtrates of each sample were pooled evaporated to dryness under vacuum to obtain a residue that was then brought to a 5 % solution in 80 % aqueous methanol (total extract). A part of the total extract was appropriately diluted with distilled water and then successively extracted with ethyl acetate and n-butanol. The respective organic layer were evaporated to dryness as above and then brought to 1 % in methanol and 80 % aqueous methanol, respectively.
Analysis
Absorption spectra of ethyl acetate and n-butanol fractions were carried out in 80 % aqueous methanol on CECIL 2025 Uv-vis spectrophotometer in wavelength range of 200-700 nm. High-performance liquid chromatography (Youngling) was carried out on a C 18 column Nova pack/15cm / 4.6 mm/ 4 μm. Pigment were eluted over 40min with a linear gradient from 1 % (v/v) acetic acid in water to 100 % methanol at a flow rate of 1 ml/min. Peaks were monitored on a Uv-vis spectrophotometer at 440nm.Comparing the retention time of individual peaks with those of standard pigments.
RESULTS AND DISCUSSION
Absorption spectra of n-butanol and ethyl acetate fractions obtained from both control and irradiated samples showed a λ max at 440.5 nm. However a substantial decrease in the absorbance of the butanol fraction and a distinct decrease in the absorbance of the ethyl acetate fraction at the above wavelength were noted in the irradiated sample when it was compared to that of the control. A radiation induced breakdown of carotene glucoside could thus be predicted, giving rise to carotene and sugar residue with the former being extracted into ethyl acetate. A representative HPLC profile of n-butanol fraction obtained from the 5 KGy irradiated. The chromatogram of the butanol fraction is similar to that of saffron stigmata extract reported earlier (Nickerson et al., 1966) . This fraction showed three distinct peaks at R t 8.146, 13.763, 15 .063 min that were tentatively assigned as crocetin digentiobiosyl ester, crocetin gentiobiosyl-glucosyl ester and crocetin neapolitanosyl ester, respectively. Chromatograms of irradiated samples were characterized by an appreciable decrease in content of the above compounds. Although the relative distribution of these pigments remained unchanged. 
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